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(57) A secondary battery electrode, which is formed by stacking an electrode active material layer (I) containing
spinel-structured lithium manganate as an electrode active material and an electrode active material layer (I) containing,
as an electrode active material, a composite oxide represented by the following Chemical formula (1) in a thickness
direction of the electrode, in which the electrode active material layer (1) is disposed in contact with a current collector,
and an average particle diameter of the composite oxide is smaller than an average particle diameter of the spinel-
structured lithium manganate. In such a way, it is possible to provide a secondary battery electrode capable of realizing
a secondary battery excellent in both of a volumetric energy density and a volumetric output density.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a secondary battery electrode, and more specifically, relates to a secondary
battery electrode capable of providing a high-capacity and high-output secondary battery.

BACKGROUND ART

[0002] Inrecentyears, as the air pollution by automotive exhaust gas has been becoming a global problem, an electric
vehicle that uses electricity as a power source, a hybrid vehicle that runs by combining an engine and a motor, a fuel
cell electric vehicle that uses a fuel cell as a power source, and the like have attracted attention, and a high-capacity
and high-output battery mounted on these has occupied an industrially important position. Moreover, also in an automobile
that draws power only from the engine, a vehicle that mounts thereon a high-voltage battery enabling a variety of electric
instruments to be mounted on the vehicle concerned has been put into practical use. A secondary battery such as a
lithium-ion secondary battery is considered to be a battery suitable for such a vehicle since the secondary battery exerts
high performance in terms of capacity and output, and a variety of developments are progressed therefor.

[0003] Basically, thelithium-ion secondary battery has a configuration in which positive and negative electrodes capable
of occluding and emitting Li ions are arranged while interposing a separator therebetween, and these are filled with an
electrolyte. The separator is made of a porous one having electrical insulating properties, and is used for the purpose
of preventing an internal short circuit that occurs by the fact that that the positive electrode and the negative electrode
contact each other, and so on.

[0004] In the case of performing charge and discharge in such a battery, when the battery discharges, lithium as a
negative electrode component is emitted as the Li ions to the electrolyte, and in the positive electrode, the Li ions are
occluded from the electrolyte, whereby electric power is generated. Meanwhile, when the battery charges, the Li ions
are emitted from the positive electrode to the electrolyte, and the Li ions in the electrolyte are occluded to the negative
electrode. At the same time when the Li ions go out of and come into the electrolyte as described above, electrons from
a current collector move through a conductive additive, whereby an electrode reaction progresses, and the charge and
the discharge are performed.

[0005] A secondary battery for use in a power source for an automobile such as the hybrid vehicle is required to have
a large output for a fixed time, that is, a high volumetric output density in order to perform power assistance when the
engine starts and the vehicle starts and accelerates. Accordingly, for the purpose of further increasing the output of the
secondary battery, as disclosed in Japanese Patent Laid-Open Publication No. 2002-151055, a method is used, which
is for enhancing electron conductivity and lithium ion diffusibility in an electrode active material layer while increasing
an electrode reaction area by reducing an average particle diameter of an electrode active material and thinning a
thickness of the electrode active material layer in the electrode.

[0006] Moreover, in Japanese Patent Laid-Open Publication No. 2002-151055, for the purpose of further enhancing
the output density of the secondary battery, there is disclosed a secondary battery, in which the active material layer is
formed into a structure of two layers different in active material particle diameter, the active material particle diameter
of the active material layer on the current collector side is set at 0.1 wm or more to less than 5 pm, and the active material
particle diameter of the active material layer on the separator side is set at 5 to 20 pum.

[0007] Asdescribedabove, inthe conventional secondary battery, the output thereofis increased by using the electrode
active material that is so particularly finely processed that the average particle diameter thereof can be 10 um or less.
However, there has been a problem that such fine processing of the electrode active material causes an increase of an
electrode volume, bringing a decrease of an obtained volumetric energy density of the secondary battery.

[0008] Moreover, in the case where the secondary battery is used as the power source of the vehicle, and the like,
the secondary battery is desired to have a high volumetric energy density in order to further extend a running distance,
as well as to have a high volumetric output density, in order to exert excellent output performance. In the secondary
battery using the active material layer formed into the structure of two layers different in active material particle diameter,
which is disclosed in Japanese Patent Laid-Open Publication No. 2002-151055, though the output density thereof can
be enhanced, further enhancement of the volumetric energy density is desired in order to further extend the running
distance of the vehicle.

[0009] As described above, it is a current situation that the secondary battery is still desired to further enhance the
volumetric energy density and the volumetric output density. In this connection, it is an object of the present invention
to provide a secondary battery electrode capable of realizing a secondary battery excellent in both of the volumetric
energy density and the volumetric output density.



10

15

20

25

30

35

40

45

50

55

EP 1 953 851 A1
DISCLOSURE OF THE INVENTION

[0010] As a result of a variety of examinations, the inventors of the present invention have found out that the above-
described object can be achieved in such a manner that spinel-structured lithium manganate and a composite oxide
having a predetermined composition are used as such electrode active materials, and that particle diameters, arrange-
ment and the like in a secondary battery electrode made of these are optimized.

[0011] Specifically, the presentinvention achieves the above-described object by a secondary battery electrode, which
is formed by stacking an electrode active material layer (I) containing spinel-structured lithium manganate as an electrode
active material and an electrode active material layer (1) containing, as an electrode active material, a composite oxide
represented by the following Chemical formula (1) in a thickness direction of the electrode, in which the electrode active
material layer (1) is disposed in contact with a current collector, and an average particle diameter of the composite oxide
is smaller than an average particle diameter of the spinel-structured lithium manganate:

[0012] LiCo,NiyMnyM,O, (1)

(where M is at least one type selected from the group consisting of Al, Ga and In, V represents an atomic ratio of Co,
and is in arange of: 0<v<0.5, X represents an atomic ratio of Ni, and is in a range of: 0.3<X<1.0, Y represents an atomic
ratio of Mn, and is in a range of: 0<Y<0.5, Z represents an atomic ratio of M, and is in a range of: 0<Z<0.1, and v+x+y+z
is equal to 1.)

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

FIG. 1 shows a schematic cross-sectional view of a secondary battery electrode of the present invention.

FIG. 2A shows evaluation results of secondary batteries fabricated in Examples 1 to 6.

FIG. 2B shows evaluation results of secondary batteries fabricated in Examples 7 to 10 and Comparative examples
1and 2.

BEST MODE FOR CARRYING OUT THE INVENTION

[0014] A first one of the present invention is a secondary battery electrode, which is formed by stacking an electrode
active material layer (l) containing spinel-structured lithium manganate as an electrode active material and an electrode
active material layer (ll) containing, as an electrode active material, a composite oxide represented by the following
Chemical formula (1) in a thickness direction of the electrode, in which the electrode active material layer (1) is disposed
in contact with a current collector, and an average particle diameter of the composite oxide is smaller than an average
particle diameter of the spinel-structured lithium manganate:

[0015] LiCo,NiyMnyM,O, (1)

(where M is at least one type selected from the group consisting of Al, Ga and In, V represents an atomic ratio of Co,
and is in a range of: 0<V<0.5, X represents an atomic ratio of Ni, and is in a range of: 0.3<X<1.0, Y represents an atomic
ratio of Mn, and is in a range of: 0<Y<0.5, Z represents an atomic ratio of M, and is in a range of: 0<Z<0.1, and v+x+y+z
is equal to 1.)

[0016] Since the spinel-structured lithium manganate is found at more places as compared with lithium cobaltate, and
cost thereof is also low, the spinel-structured lithium manganate is stably suppliable and is particularly superior in terms
of upsizing the secondary battery. Hence, in the present invention, it was examined to enhance a volumetric output
density and volumetric energy density of the secondary battery by using such spinel-structured lithium manganate as
the electrode active material. As a result, it has been found out that the spinel-structured lithium manganate having a
usual average particle diameter and the finely processed composite oxide having the above-described Chemical formula
(1) are used as the electrode active materials, thus making it possible to enhance the volumetric output density to a
large extent by the composite oxide while ensuring the volumetric energy density by the spinel-structured lithium man-
ganate.

[0017] Moreover, in the secondary battery electrode of the present invention, the electrode active material layer is
formed into a structure of two layers toward the thickness direction of the electrode, and the spinel-structured lithium
manganate and the composite oxide are arranged individually in the respective layers. Specifically, as shown in FIG. 1,
the secondary battery electrode 100 of the present invention has a configuration in which the electrode active material
layer (1) 110 containing the spinel-structured lithium manganate 111 as the electrode active material and the electrode
active material layer (lI) 120 containing, as the electrode active material, the composite oxide 121 represented by the
above-described Chemical formula (1) are stacked in the thickness direction of the electrode 100.

[0018] Note that, though FIG. 1 is a schematic cross-sectional view of the secondary battery electrode of the present
invention, and besides the electrode active materials, other electrode constituent materials such as an electrolyte can
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be contained in the electrode active material layers (I) and (ll), a description of the other electrode constituent materials
is omitted for convenience of the explanation.

[0019] In the electrode of the present invention, the electrode active material layer () is disposed on the current
collector side, and the electrode active material layer (I1) is disposed on a surface side of the electrode. In such a way,
when charge and discharge at a large current are performed, an electrode reaction occurs preferentially by the finely
processed composite oxide contained in the electrode active material layer (Il), thus making it possible to further enhance
the volumetric output density of the electrode. At the same time, the volumetric energy density of the electrode can be
ensured by the spinel-structured lithium manganate contained in the electrode active material layer (I).

[0020] Hence, in accordance with the present invention, the spinel-structured lithium manganate and the composite
oxide having the predetermined composition are used as the electrode active materials, and particle diameters, arrange-
ment and the like in the secondary battery electrode made of these are optimized, thus making it possible to provide a
secondary battery electrode excellentin both of the volumetric energy density and the volumetric output density. Moreover,
the composite oxide represented by the above-described Chemical formula (1) has a lamellar crystal structure, and
accordingly, a diffusion route of the lithium in the composite oxide is two-dimensional. Therefore, the above-described
composite oxide is excellent in the volumetric output density of the electrode, and in addition, is also excellent in durability
at a high temperature of 50°C or more. Hence, the composite oxide represented by the above-described Chemical
formula (1) is used, thus also making it possible to suppress an increase of an internal resistance of the battery owing
to a deterioration of the electrode active materials.

[0021] A description will be sequentially made below of specific configurations of the secondary battery electrode of
the present invention.

[0022] The secondary battery electrode of the present invention uses the spinel-structured lithium manganate
(LiMn,O,) as the electrode active material.

[0023] Moreover, besides the spinel-structured lithium manganate, the secondary battery electrode of the present
invention uses, as the electrode active material, the composite oxide represented by the following Chemical formula (1):
[0024] LiCo,NixMnyM;O, (1)

In the above-described Chemical formula (1), M is at least one type selected from the group consisting of Al, Ga and
In. Among them, Al is preferably mentioned as M since an effect that the structure is stabilized in the charging and the
discharging is obtained thereby.

[0025] Moreover, in the above-described Chemical formula (1), V represents the atomic ratio of Co, and is in the range
of: 0<V<0.5, X represents the atomic ratio of Ni, and is in the range of: 0.3<X<1.0, Y represents the atomic ratio of Mn,
and is in the range of: 0<Y<0.5, and Z represents the atomic ratio of M, and is in the range of: 0<Z<0.1. However, it is
preferable that the ranges of V and X be 0<V<0.3 and 0.3<X<0.8, respectively, from a viewpoint of ensuring cycle stability
without causing a decrease of the capacity.

[0026] Moreover, as the composite oxide represented by the above-described Chemical formula (1), specifically, ones
having compositions of LiNiygCoq 15Al5 9502, LiNig sMng 50,5,  LiCo4/3Niq;3Mny 305,  LiCog 1Nig 45MNg 4505,
LiCog oNig 4Mng.40,, LiCoq 16Nig 4o0Mng 4205, and the like are preferably mentioned. In the case of using the composite
oxides having these compositions, the volumetric output density of the secondary battery electrode can be further
enhanced.

[0027] The composite oxide having the composition represented by the above-described Chemical formula (1) can
be fabricated by appropriately referring to a publicly known method. For example, a method of mixing a compound
containing a desired metal element as well as a lithium compound and firing an obtained mixture, and the like are used.
[0028] Notethat, inthe presentinvention, the composition of the electrode active material can be measured by analyzing
the composition concerned by inductively coupled plasma optical emission spectrometry.

[0029] In the secondary battery electrode of the present invention, the average particle diameter of the composite
oxide is made smaller than the average particle diameter of the spinel-structured lithium manganate. In such a way, the
secondary battery electrode excellent in both of the volumetric energy density and the volumetric output density is
obtained.

[0030] Specifically, it is preferable that the average particle diameter of the composite oxide be set at 1/1000 to 1/3
of the average particle diameter of the spinel-structured lithium manganate, more preferably at 1/50 to 1/5.

[0031] From a viewpoint of enhancing the volumetric output density of the secondary battery electrode, it is recom-
mended that the average particle diameter of the composite oxide be set at preferably 0.01 to 5 pum, more preferably
0.1 to 3 wm, particularly preferably 0.4 to 2 pm.

[0032] Moreover, from a viewpoint of ensuring the volumetric energy density of the secondary battery electrode, it is
recommended that the average particle diameter of the spinel-structured lithium manganate be set at preferably 5 to
100 wm, more preferably 10 to 50 wm, particularly preferably at 20 to 30 pm.

[0033] Note that, in the present invention, the average particle diameters of the electrode active materials can be
measured by laser diffraction particle size distribution measurement and dynamic light scattering.

[0034] In the secondary battery electrode of the present invention, the electrode active material layers (l) and (ll)
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contain the above-described spinel-structured lithium manganate and composite oxide as the electrode active materials.
Besides these, a conductive additive for enhancing electron conductivity, a binder, an electrolyte and the like can be
contained in each of the layers.

[0035] As the electrolyte, a non-aqueous electrolyte using an organic solvent is preferably mentioned. In such a way,
ion conduction in the positive electrode active material layer becomes smooth, and the output of the entire battery can
be enhanced.

[0036] The non-aqueous electrolyte may be any of a liquid electrolyte (electrolytic solution), a solid electrolyte, and a
polymer gel electrolyte. Although a preferable example of the non-aqueous electrolyte is shown below, the non-aqueous
electrolyte just needs to be one for use in the usual secondary battery, and no particular limitations are imposed thereon.
[0037] As the electrolytic solution, ones or the like can be used, which contain at least one type of electrolyte salt
selected from among inorganic acid anion salt such as LiBOB (lithium bis oxide borate), LiPFg, LiBF,, LiCIO,, LiAsFG,
LiTaFg, LiAICI, and Li,B44Cl;¢ and organic acid anion salt such as LiCF3SO;, Li(CF3SO,),N and Li(C,F5SO,),, and
use an organic solvent (plasticizer) such as a non-protonic solvent, in which at least one or two or more selected from
among: cyclic carbonates such as propylene carbonate (PC) and ethylene carbonate (EC); chain carbonates such as
dimethyl carbonate, methyl ethyl carbonate and diethyl carbonate; ethers such as tetrahydrofuran, 2-methyltetrahydro-
furan, 1,4-dioxane, 1,2-dimethoxyethane and 1,2-dibutoxyethane; lactones such as y-butyrolactone; nitriles such as
acetonitrile; esters such as methyl propionate; amides such as dimethylformamide; methyl acetate; and methyl formate,
are mixed.

[0038] The solid electrolyte is not particularly limited as long as it is composed of a polymer having the ion conductivity.
For example, polyethylene oxide (PEO), polypropylene oxide (PPO), copolymers of these, and the like are mentioned.
Such polyalkylene oxide-series polymers can dissolve the above-described electrolyte salts well. Moreover, the poly-
alkylene oxide-series polymers form a cross-linking structure, whereby excellent mechanical strength is exerted.
[0039] The polymer gel electrolyte is not particularly limited. However, there are mentioned: one in which an electrolytic
solution is contained in an ion-conductive polymer for the electrolyte; one in which a similar electrolyte is held in a skeleton
of a non-ion-conductive polymer for the electrolyte; and the like.

[0040] The electrolytic solution contained in the polymer gel electrolyte is similar to the above-described one. Moreover,
as the ion-conductive polymer for the electrolyte, the above-described polymer electrolyte and the like are used. As the
non-ion-conductive polymer for the electrolyte, for example, a monomer or a polymer can be used, which forms a gelled
polymer such as polyvinylidene fluoride (PVDF), polyvinyl chloride (PVC), polyacrylonitrile (PAN) and polymethylmeth-
acrylate (PMMA). However, the non-ion-conductive polymer is not limited to these. Note that the PAN, the PMMA and
the like rather belong to the category of little ion conductivity, and accordingly, can also be defined as the ion-conductive
polymers for the electrolyte; however, are illustrated here as the non-ion-conductive polymers for the electrolyte, which
are used for the polymer gel electrolyte.

[0041] Aratio (mass ratio) of the polymer (host polymer) for the electrolyte and the electrolytic solution in the polymer
gel electrolyte just needs to be decided in response to a usage purpose and the like thereof; however, is in a range of
2: 98 to 90: 10. In such a way, seepage of the electrolyte from an outer circumferential portion of the positive electrode
active material layer can also be sealed effectively by providing an insulating layer or an insulated portion. Therefore,
the ratio (mass ratio) of the host polymer and the electrolytic solution in the above-described polymer gel electrolyte can
also be set so that priority can be relatively given to battery characteristics.

[0042] A content of the composite oxide in the electrode active material layer (ll) is not particularly limited; however,
preferably, is 40 to 90 mass% with respect to a dry weight of the electrode active material layer (ll). However, it is
desirable that, with regard to the secondary battery electrode of which outputis increased, a network of electron conduction
be formed throughout an inside of the electrode, thus enabling all the fine and minute active materials to effectively
contribute to the reaction. Accordingly, itis desirable to suitably increase an amount of the conductive additive in response
to a reduction of the particle diameter of the electrode active material.

[0043] Moreover, a content of the spinel-structured lithium manganate in the electrode active material layer (1) is not
particularly limited; however, it is recommended that the content be preferably 90 to 98 mass%, more preferably 95 to
98 mass% with respect to a dry weight of the electrode active material layer (). However, an amount of the binder, which
is sufficient for maintaining the form of the electrode, and the conductive additive that enables the reaction, are essential.
In such a way, the volumetric energy density of the secondary battery electrode can be ensured sufficiently.

[0044] In the secondary battery electrode of the present invention, a thickness of the electrode active material layer
(1) is not particularly limited; however, a thinner thickness is preferable from the viewpoint of enhancing the volumetric
output density of the secondary battery electrode. Specifically, it is preferable to set the thickness of the electrode active
material layer (Il) at 2 to 30% of a thickness of the electrode active material layer (I).

[0045] From the viewpoint of enhancing the volumetric output density of the secondary battery electrode by shortening
the diffusion route of the lithium ions, it is recommended that the thickness of the electrode active material layer (Il) be
set at preferably 0.6 to 90 wm, more preferably 1 to 40 wm, particularly preferably 2 to 20 pm.

[0046] Moreover, from the viewpoint of ensuring the volumetric energy density of the secondary battery electrode, it
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is recommended that the thickness of the electrode active material layer (l) be set at preferably 30 to 300 pm, more
preferably 40 to 150 pm.

[0047] A porosity of the electrode active material layer (ll) is not particularly limited. However, it is recommended that
the porosity be set at preferably 30 to 60%, more preferably 35 to 45% in order to reduce a diffusion resistance of the
lithium ions by ensuring gaps, and to thereby enhance the volumetric output density of the secondary battery electrode.
[0048] Moreover, a porosity of the electrode active material layer (1) is not particularly limited. However, it is recom-
mended that the porosity be preferably set at 25 to 40% from a viewpoint of filling the electrode active material as densely
as possible.

[0049] Note that the thickness of each of the electrode active material layers can be measured by observing a cross
section of the secondary battery electrode by using a scanning electron microscope (SEM) and the like. The porosity of
each of the electrode active material layers can be calculated from the thickness of the secondary battery electrode, a
usage amount of each of the constituent materials, and a density of each thereof.

[0050] With regard to the structure of the secondary battery electrode of the present invention, the electrode active
material layers (I) and (Il) are formed on at least one surface of the current collector, and at this time, the electrode active
material layer (1) is disposed so as to contact the current collector.

[0051] The current collector is not particularly limited as long as it is used in the conventional secondary battery, and
just needs to be composed of a conductive material such as aluminum, copper, stainless steel (SUS), titanium, and
nickel. A thickness of the current collector just needs to be approximately 10 to 50 pm.

[0052] The above-described secondary battery electrode of the present invention can make the best possible use of
the above-described variety of characteristics, and accordingly, it is preferable that the secondary battery electrode be
used as a secondary battery positive electrode.

[0053] Moreover, when the secondary battery electrode of the present invention is used for a bipolar battery and the
like, the secondary battery electrode may be a bipolar electrode having a structure, in which the above-described positive
electrode active material layers (I) and (ll) of the present invention are formed on one surface of the current collector,
and a negative electrode active material layer containing a conventionally general negative electrode material is formed
on the other surface. It is desirable that the structure of the electrode be decided in accordance with a usage purpose
thereof.

[0054] A second one ofthe presentinvention is a secondary battery using, as a positive electrode, the above-described
secondary battery electrode that is the first one of the present invention. In accordance with the present invention, the
secondary battery electrode that is the first one thereof is used, thus making it possible to provide a secondary battery
excellent in both of the volumetric energy density and the volumetric output density.

[0055] For a configuration of the secondary battery, technologies conventionally known in public can be referred to
as appropriate except that the secondary battery electrode that is the first one of the present invention is used as the
positive electrode. For example, a secondary battery or the like is mentioned, which includes a positive electrode, a
negative electrode, a separator, and an electrolyte, wherein the positive electrode that is the second one of the present
invention is used as the above-described positive electrode.

[0056] The negative electrode for use in the secondary battery of the present invention is not particularly limited, and
may be a negative electrode conventionally used in general. Specifically, the negative electrode is a negative electrode
having a conventional configuration formed in such a manner that the negative electrode active material layer containing
at least the negative electrode active material is applied on the current collector made of copper, nickel titanium, SUS
and the like.

[0057] As the negative electrode active material, carbon is preferably used since the carbon can further enhance the
durability and the like of the secondary battery as well as the volumetric energy density and volumetric output density
thereof. Specifically, the carbon is artificial or natural graphites with a variety of shapes such as a scaly shape, a fiber
shape, a spherical shape, a pseudospherical shape, a block shape, and a whisker shape. Especially, the carbon is one,
in which an interplane distance (dyg,) of a crystal lattice is 0.34 nm or less, and a crystallite dimension (Lc) in a c-axis
direction is 10 nm or more. Note that the interplane distance (dgg,) of the crystal lattice and the crystallite dimension
(Lc) in the c-axis direction can be measured in accordance with the Law for Japan Society for the Promotion of Science.
Besides the above, soft carbons and hard carbons, of which grades are various, can be used.

[0058] The secondary battery of the present invention is obtained in such a manner that the positive electrode and
the negative electrode are superposed on each other while interposing the separator therebetween, and that the elec-
trolyte is impregnated into such a superposed object.

[0059] As the separator for use in the secondary battery of the present invention, one conventionally used in general
can be used without being particularly given limitations. For example, there are mentioned polyolefin-series resin porous
film such as a microporous polyethylene film, a microporous polypropylene film, and a microporous ethylene-propylene
copolymer film, or polyolefin-series resin unwoven fabric, a stacked body of these, and the like. These have an excellent
effect that reactivity thereof with the electrolyte (electrolytic solution) can be suppressed to be low. Besides the above,
there are also mentioned: a composite resin film, in which the polyolefin-series resin unwoven fabric or the polyolefin-
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series resin porous film is used as a reinforcement material layer, and a compound of vinylidene fluoride resin is filled
into the reinforcement material layer; and the like. Moreover, an electrolyte layer made of the solid electrolyte, the polymer
gel electrolyte, and the like may be employed instead of the separator.

[0060] A thickness of the separator just needs to be decided as appropriate in response to a usage purpose thereof;
however, just needs to be set at approximately 15 to 50 um when the separator is used for a secondary battery for
driving a motor of an automobile and the like. Moreover, a porosity, size and the like of the separator just need to be
decided as appropriate in consideration for characteristics of the obtained secondary battery.

[0061] As the electrolyte impregnated into the separator, one similar to the one for use in the positive electrode active
material layer is mentioned, and such an electrolyte is as described in the first one of the present invention.

[0062] The positive electrode, the negative electrode and the separator are housed in a battery case and the like. As
the battery case, itis recommended to use one capable of preventing an external impact and an environmental degradation
in the case of using the battery. For example, the battery case is fabricated in such a manner that a laminated material
in which a polymer film and metal foil are compositely stacked is used, and that circumferential portions thereof are
joined to each other by thermal fusing, or that an opening portion of a bag formed of the laminated material is thermally
fused. In such a way, the battery case concerned is hermetically sealed. The battery case is formed into a structure in
which a positive electrode lead terminal and a negative electrode lead terminal are drawn out of such a thermally fused
portion. At this time, a spot from which each of the positive and negative electrode lead terminals is drawn out is not
particularly limited to one spot. Moreover, the material that composes the battery case is not limited to the above-
described one, and it is possible to employ plastics, metal, rubber, and the like, or materials made by combining these,
and as for a shape thereof, it is possible to use ones with a film shape, a plate shape, a box shape, and the like.
Furthermore, a method can also be applied, in which a terminal that establishes conduction between an inside and
outside of the case is provided, the current collector is connected to an inside of the terminal concerned, and a lead
terminal is connected to an outside of the terminal concerned, whereby a current is taken out.

[0063] A structure of the secondary battery of the present invention is not particularly limited. In the case of classifying
the secondary battery by form/structure thereof, the structure of the secondary battery of the presentinventionis applicable
to any form/structure conventionally known in public, such as those of a stacked-type battery and a wound-type battery.
Moreover, in the case of viewing the structure concerned in terms of an electrical connection form in the secondary
battery, the structure of the secondary battery of the present invention is applicable to both of a battery of an internal
parallel connection type, which is not of a bipolar type, and a battery of an internal serial connection type, which is of
the bipolar type. Preferably, the secondary battery of the present invention is the battery of the bipolar type. As compared
with a usual battery, a battery superior in capacity and output characteristics, in which a voltage of a single cell is higher,
can be composed.

[0064] From a viewpoint of practical use, it is preferable to use the above-described secondary battery according to
the present invention as a lithium-ion secondary battery; however, besides this, the secondary battery according to the
present invention can also be applicable as secondary batteries such as a sodium-ion secondary battery, a potassium-
ion secondary battery, a magnesium-ion secondary battery, and a calcium-ion secondary battery.

[0065] Moreover, the secondary battery of the present invention can be formed into an assembled battery in which a
plurality of the secondary batteries are connected to one another. Specifically, at least two or more of the secondary
batteries of the present invention are used and connected in series and/or parallel to be formed into the assembled
battery, whereby a high-capacity and high-output battery module can be formed. Accordingly, it becomes possible to
cope with requirements for the battery capacity and the output for each usage purpose at relatively low cost.

[0066] Specifically, for example, N pieces of the above-described secondary batteries are connected in parallel, M
sets of the N pieces of secondary batteries connected in parallel are further connected in series, and are housed in a
metal-made or resin made assembled battery case, whereby the assembled battery is formed. In this case, the numbers
of the secondary batteries connected in series/parallel are decided in response to the usage purpose. For example, the
numbers just need to be combined so that the assembled battery can be applied to a power source for driving the a
vehicle, for which a high energy density and a high output density are required as a large-capacity power source for an
electric vehicle (EV), a hybrid electric vehicle (HEV) and the like. Moreover, a positive electrode terminal and a negative
electrode terminal for the assembled battery just need to be electrically connected to electrode leads of the respective
secondary batteries by using lead wires and the like. Moreover, in the case of interconnecting the secondary batteries
in series/parallel, the secondary batteries just need to be electrically interconnected by using appropriate connecting
members such as spacers and busbars. However, the assembled battery of the present invention is not limited to the
one described here, and ones conventionally known in public can be employed as appropriate. Moreover, a variety of
measurement instruments and control instruments may be provided in the assembled battery concerned in response to
the usage purpose. For example, a voltage measuring connector and the like may be provided in advance in order to
monitor a voltage of the battery, and so on, and as such, no particular limitations are imposed thereon.

[0067] As described above, the secondary battery and assembled battery of the present invention have excellent
volumetric energy densities and volumetric output densities. Hence, the secondary battery and assembled battery of
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the present invention are suitable as a battery or a driving power source, which is for use in the vehicle for which strict
requirements regarding the capacity and output characteristics are especially made, for example, in automobiles such
as the electric vehicle, a fuel cell electric vehicle, and the hybrid electric vehicle. In such a way, the secondary battery
and assembled battery of the present invention can provide a vehicle excellent in running performance. Moreover, since
a vehicle cabin space and a trunk room can be widely ensured, it is convenient that the secondary battery and/or
assembled battery of the present invention are mounted as the driving power source under a seat at a center portion of
a vehicle body of the electric vehicle or the hybrid electric vehicle. However, the present invention is not limited at all to
the above-described mounted position of the secondary battery and/or the assembled battery. The secondary battery
or assembled battery of the present invention can be installed under a floor of the vehicle, in insides of the trunk room,
an engine room, a roof and a hood, and the like.

EXAMPLES

[0068] A description will be specifically made below of the present invention based on examples. Note that the present
invention is not limited only to these examples.

(Example 1)
1. Fabrication of positive electrode active material layer (I)

[0069] First, spinel-structured lithium manganate (LiMn,O,; average particle diameter: 20 wm), acetylene black, and
PVdF were mixed together so that a mass ratio thereof could be 92: 4: 4, and an appropriate amount of NMP (N-methyl-
2-pyrrolidone) was added to an obtained mixture, followed by sufficient stirring/mixing in a homogenizer, whereby slurry
(1) was prepared. A fixed amount of the slurry (1) was applied on aluminum foil (thickness: 20 wm; and width: 200 mm)
by using a die coater, and was dried, followed by pressing by a roll press. In such a way, the positive electrode active
material layer (l) (thickness: 64 pm) was formed on the aluminum foil.

2. Fabrication of positive electrode active material layer (Il)

[0070] Next, a composite oxide (average particle diameter: 2 um) represented by LiNij gCoq 15Alg 9505, the acetylene
black, and the PVdF were mixed together so that a mass ratio thereof could be 80: 10: 10, and an appropriate amount
of the NMP (N-methyl-2-pyrrolidone) was added to an obtained mixture, followed by sufficient stirring/mixing in the
homogenizer, whereby slurry (2) was prepared. A fixed amount of the slurry (2) was applied by using the die coater on
the positive electrode active material layer (1) fabricated previously, and was dried, followed by pressing by the roll press.
In such a way, the positive electrode active material layer (ll) (thickness: 6 um) was formed on the positive electrode
active material layer (). A portion on which these positive electrode active material layers were applied was cut out so
that a dimension thereof could be 50 mm x 100 mm, and the cutout portion was formed as the positive electrode.

3. Fabrication of negative electrode active material layer

[0071] Hard carbon (average particle diameter: 3 pm) and the PVdF were mixed together so that a mass ratio thereof
could be 90: 10, and an appropriate amount of the NMP (N-methyl-2-pyrrolidone) was added to an obtained mixture,
followed by sufficient stirring/mixing in the homogenizer, whereby slurry was prepared. A fixed amount of the slurry was
applied on copper foil (thickness: 15 um; and width: 200 mm) by using the die coater, and was dried, followed by pressing
by the roll press. In such a way, the negative electrode active material layer (thickness: 65 wm) was formed on the copper
foil. A portion on which the negative electrode active material layer was applied was cut out so that a dimension thereof
could be 55 mm X 105 mm, and the cutout portion was formed as the negative electrode.

4. Fabrication of secondary battery

[0072] The positive electrode and the negative electrode, which were fabricated in the above-described manner, were
dried for one day in a vacuum dryer of 90°C. Thereafter, 10 pieces of the positive electrodes and 11 pieces of the negative
electrodes were stacked alternately so that the electrode active material layers (l) could be arranged on the negative
electrode side while interposing polypropylene porous films (thickness: 25 pm) between the positive electrodes and the
negative electrodes. Then, the respective positive electrodes and negative electrodes were bundled together, leads
were welded thereto, and a structure was formed, in which the leads of the positive and negative electrodes were drawn
out of a stacked body thus formed. Thereafter, the structure was housed in a laminate film bag of aluminum, an electrolytic
solution was injected thereinto by an injector, and the structure was sealed under a reduced pressure, whereby a battery
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was fabricated.
(Example 2)

[0073] A secondary battery was fabricated in a similar way to Example 1 except that the thickness of the electrode
active material layer (I) was set at 60 um, and that the thickness of the electrode active material layer (II) was setat 10 um.

(Example 3)

[0074] A secondary battery was fabricated in a similar way to Example 1 except that the thickness of the electrode
active material layer (I) was set at 67 um, and that the thickness of the electrode active material layer (Il) was set at 3 pm.

(Example 4)

[0075] A secondary battery was fabricated in a similar way to Example 1 except that the thickness of the electrode
active material layer () was set at 60 wm, that the thickness of the electrode active material layer (II) was set at 10 um,
and that a composite oxide (average particle diameter: 3 pm) represented by LiCo4/3Ni;;3Mny30, was used in the
electrode active material layer (l1).

(Example 5)

[0076] A secondary battery was fabricated in a similar way to Example 1 except that the thickness of the electrode
active material layer (1) was set at 60 wm, that the thickness of the electrode active material layer (Il) was set at 10 um,
and that a composite oxide (average particle diameter: 1.5 um) represented by LiCo4,3Ni;;3Mn,;30, was used in the
electrode active material layer (l1).

(Example 6)

[0077] A secondary battery was fabricated in a similar way to Example 1 except that, in Example 1, the active material
of the electrode active material layer (Il) was changed from LiNig gCoq 15Alg 050, With an average particle diameter of
2 um to LiNig gCoyq 15Alg 950, With an average particle diameter of 0.4 um, and the thickness of the electrode active
material layer (ll) was changed from 6 pm to 5 um.

(Example 7)

[0078] A secondary battery was fabricated in a similar way to Example 1 except that, in Example 1, the active material
of the electrode active material layer (Il) was changed from LiNig gCoq 45Alg 950, with an average particle diameter of
2 um to LiNig gCoq 15Alg 9505 With an average particle diameter of 1.1 um, and the thickness of the electrode active
material layer (ll) was changed from 6 pm to 9 um.

(Example 8)

[0079] A secondary battery was fabricated in a similar way to Example 1 except that, in Example 1, the active material
of the electrode active material layer (Il) was changed from LiNiy gCoq 15Alg 950, With an average particle diameter of
2 pm to LiCog 4Nig 45Mnq 450, with an average particle diameter of 2.2 um, and the thickness of the electrode active
material layer (II) was changed from 6 pm to 7 pm.

(Example 9)

[0080] A secondary battery was fabricated in a similar way to Example 1 except that, in Example 1, the active material
of the electrode active material layer (Il) was changed from LiNiy gCoq 15Alg 950, With an average particle diameter of
2 pm to LiCoq 5Nig 4Mng 4O, with an average particle diameter of 2.0 um, and the thickness of the electrode active
material layer (II) was changed from 6 pm to 7 pm.

(Example 10)

[0081] A secondary battery was fabricated in a similar way to Example 3 except that, in Example 3, the active material
of the electrode active material layer (Il) was changed from LiNij gCog 15Alg 9505 with an average particle diameter of
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2 pm to LiCoq 41gNig 4oMng 400, with an average particle diameter of 3.1 um, and the thickness of the electrode active
material layer (ll) was changed from 3 pm to 9 um.

(Comparative example 1)

[0082] Asecondary battery was fabricated in a similar way to Example 1 except that spinel-structured lithium manganate
(LiM,O,; average particle diameter: 2 wm) was used in the electrode active material layer (1), that the thickness of the
electrode active material layer (l) was set at 100 um, and that the electrode active material layer (ll) was not fabricated.

(Comparative example 2)

[0083] A secondary battery was fabricated in a similar way to Example 1 except that the thickness of the electrode
active material layer (I) was set at 100 wm, and that the electrode active material layer (Il) was not fabricated.

(Evaluations)

[0084] Evaluations of the secondary batteries fabricated in the respective Examples and Comparative examples were
performed in accordance with the following procedure. The charge and the discharge were performed at room temper-
ature, and the charge was performed to 4.15V in a constant current-constant voltage mode of 1A for 2.5 hours in total.
With regard to the discharge, constant current discharge was performed at 1A to a cutoff voltage of 2.5V to measure a
discharge capacity, and an energy density per volume was calculated. With regard to measurement of the battery output,
low-current discharge was performed after the charge, and there was calculated a product of such a maximum current
value, at which the battery terminal voltage in 10 seconds from start of the low-current discharge does not fall below
2.5V, and of a terminal voltage at this time. The product thus calculated was defined as an output density per volume.

[0085] In FIG. 2A and FIG. 2B, for comparison, the volumetric energy density and volumetric output density of the
battery of Example 1 were individually set at 100 to be used as a reference, and data of the other Examples and
Comparative examples were shown as relative values.

[0086] AsshowninFIG.2A and FIG. 2B, itis understood that, in accordance with the present invention, the volumetric
energy density of the secondary battery can be enhanced without decreasing the volumetric energy density thereof while
keeping on maintaining the merit of the spinel lithium manganate excellent in material cost.

INDUSTRIAL APPLICABILITY

[0087] Inaccordance with the presentinvention, it becomes possible to provide a secondary battery electrode capable
of realizing a secondary battery that is excellent in both of the volumetric energy density and the volumetric output
density, and in addition, in which the increase of the internal resistance of the battery owing to the deterioration of the
electrode active materials is suppressed.

Claims

1. A secondary battery electrode,
wherein the second battery electrode is formed by stacking an electrode active material layer (l) containing spinel-
structured lithium manganate as an electrode active material and an electrode active material layer (Il) containing,
as an electrode active material, a composite oxide represented by a following Chemical formula (1) in a thickness
direction of the electrode,
the electrode active material layer (1) is disposed in contact with a current collector, and
an average particle diameter of the composite oxide is smaller than an average particle diameter of the spinel-
structured lithium manganate:

LiCo,NixMnyM0O, ()
(where M is at least one type selected from the group consisting of Al, Ga and In, V represents an atomic ratio of
Co, and is in a range of: 0<V<0.5, X represents an atomic ratio of Ni, and is in a range of: 0.3<X<1.0, Y represents
an atomic ratio of Mn, and is in a range of: 0<Y<0.5, Z represents an atomic ratio of M, and is in a range of: 0<Z<0.1,

and v+x+y+z is equal to 1.)

2. The secondary battery electrode according to claim 1, wherein the average particle diameter of the composite oxide

10
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is 1/1000 to 1/3 of the average particle diameter of the spinel-structured lithium manganate.

The secondary battery electrode according to either one of claims 1 and 2, wherein the average particle diameter
of the composite oxide is 1/50 to 1/5 of the average particle diameter of the spinel-structured lithium manganate.

The secondary battery electrode according to any one of claims 1 to 3, wherein a thickness of the electrode active
material layer (Il) is 2 to 30% of a thickness of the electrode active material layer (1).

A secondary battery, wherein the secondary battery electrode according to any one of claims 1 to 4 is used as a
positive electrode.

The secondary battery according to claim 5, wherein carbon is contained as a negative electrode active material in
a negative electrode.

An assembled battery, wherein the assembled battery is composed by connecting a plurality of the secondary
batteries according to either one of claims 5 and 6 to one another.

A vehicle, wherein the vehicle is formed by mounting thereon the secondary battery according to either one of claims
5 and 6 or the assembled battery according to claim 7.

11
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